Objective: To evaluate the dependence of body mass index (BMI) values on pubertal stage in subjects similar in age. Design, subjects and measurements: Height and weight were recorded cross-sectionally in school subjects from three provinces in central Italy. The subjects were subdivided into three groups: (1) 4271 school subjects (2125 males and 2146 females; 8.5 ± 15.5 y old), in whom the pubertal development was also recorded, were selected to subdivide BMI values according to pubertal stage and age; (2) 6345 females (10.5 ± 14.5 y old), who were asked whether or not they had had their ®rst menstrual period, were selected to subdivide BMI values according to age in pre-menarche and post-menarche girls, separately; and (3) 1919 females (10.5 ± 14.5 y old), who had presented their menarche within the previous 6 months, were selected to subdivide short-term postmenarche BMI values according to age. Results: The medians and interquartile ranges of BMI varied according to age and pubertal stage. Kruskall ± Wallis test performed in subjects similar in age demonstrated that signi®cant differences existed among the medians of BMI values of subjects at different pubertal stages in 12 ± 14-y-old males (P`0.05), and in 11 ± 14-yold females (P`0.001). The difference also proved to be signi®cant between stage I and stage II (P`0.05) in 10-y-old females, but not in 10 ± 11-y-old males. The Kruskal ± Wallis test performed in subjects similar in pubertal stage demonstrated that signi®cant differences among the medians of BMI at different ages existed only in females at stages II and III. A signi®cant positive trend was observed in both genders according to pubertal stage for BMI values of subjects similar in age (z-test for trend, P`0.01). On the contrary, a negative age trend proved to be signi®cant in females at stages I (P`0.01), II (P`0.01) and III (P`0.001), but not in males when the subdivision of BMI was made according to age in subjects similar in pubertal stage. BMI values were signi®cantly higher in post-menarche girls as compared to pre-menarche girls similar in age (P`0.001). However, at partial regression analysis BMI values were in¯uenced by pubertal stage and, to a lesser extent, by age, but not by menarcheal status. An inverse association between short-term post-menarche BMI and age was observed, with the highest values in girls presenting menarche at 11 y of age (P`0.05). The negative trend was demonstrated at the z-test for trend (P`0.001). Conclusions: BMI values depend on pubertal degree of maturation, especially in girls. This in¯uence should be taken into account when BMI is evaluated in adolescents.
Introduction
Obesity is a risk factor for serious pathologies in adults, such as impaired glucose tolerance, abnormal lipid levels in serum, hypertension, increased adult morbidity and mortality. It may likewise be the cause of signi®cant physical, metabolic and psychological complications in children and adolescents as well (Rosembaum & Leibel, 1988; Must 1996) . Moreover, obesity in childhood is reportedly likely to continue into adulthood (Abraham & Nordsieck, 1960; Hawk & Brook, 1979; Dietz, 1986; Guo et al, 1994) . The serious increase of obesity in children (Gidding et al, 1995) makes it important to establish the use of a common tool for categorizing weight excess that is appropriate for epidemiological and clinical purposes. Body mass index (weight, kgaheight, m 2 ; BMI; Quetelet, 1871) is widely accepted as a measure of body fatness and has also been recommended for the clinical evaluation of children and adolescents. However, dif®culties are encoun-tered when BMI is used in childhood and adolescence, as its relationship to body composition is in¯uenced by various factors such as age, gender and race. Several studies have demonstrated that sexual development is a major factor (O'Dea & Abraham, 1995; de Onis & Habicht, 1996; Daniels et al, 1997) . Therefore, it follows that BMI may be recommended less con®dently for application in adolescents, for whom weightaheight 3 has been proposed as being more appropriate (Freeman et al, 1995) .
In this study, cross-sectional BMI values were collected from a school population-based epidemiological survey on the growth of children in three provinces in central Italy. The purpose was to evaluate the differences among BMI values recorded in subjects similar in age but with different pubertal maturation.
Methods

Subjects
The subjects of this study participated in an extensive research project on the growth of school children in three provinces in central Italy (Perugia, Terni, Rieti) . Their weight and stature were cross-sectionally recorded using procedures as reported elsewhere (Falorni et al, 1998 (Falorni et al, , 1999 . All females older than 9 y participating to the survey were asked whether or not they had had their menarche. Some schools in the three provinces also consented to have pubertal development (Tanner & Whitehouse, 1976 ) of the school subjects recorded. The subjects were subdivided into three groups: (1) 4271 8.5 ± 15.5 y old school subjects (2125 males and 2146 females) from schools where the pubertal development was recorded were selected to compile BMI subdivided according to their pubertal stage; (2) the 10.5 ± 14.5 y old females from the entire survey (6345 subjects) were selected to compile BMI subdivided according to age in pre-menarche and post-menarche girls, separately, and (3) the 10.5 ± 14.5 y old females of the entire survey who had presented their menarche within the previous 6 months (1919 subjects) were selected to compile short-term post-menarche BMI subdivided according to age.
The study was carried out with the collaboration of the three provincial Directors of Education and it was approved by the Ethics Committee of the Region of Umbria. Informed consent was obtained from the parents of the children included in this study.
Statistical analysis
The Kolgomorov ± Smirnov test for assessment of the normal distribution of data, ANOVA, the Kruskal ± Wallis test, the Mann ± Whitney test and partial regression analysis were performed using Stratgraphics software (Graphic Software System, Inc., Rockville, MD). The procedure of Cuzick (1985) was used to calculate the z-test for signi®-cance of trend.
Results
BMI subdivided according to age and pubertal stage
The medians and interquartile ranges of the BMIs of the ®rst group of subjects are reported in Table 1 . Subdivision was made based on age for each pubertal stage group. Analysis of variance (ANOVA) did not show any signi®-cant difference among the mean ages of subjects of the same age-group subdivision at different pubertal stages. The Kruskal ± Wallis test demonstrated that signi®cant differences existed among the BMI values in 12, 13 and 14 y old males and in 11, 12 and 13 y old females subdivided in relation to pubertal stage. At Mann ± Whitney test, performed between stage I and stage II, the difference also proved to be signi®cant (P`0.05) in 10 y old females, but not in 10 ± 11 y old males. When the Kruskal ± Wallis test was computed among the BMI values of subjects similar in pubertal stage but with a different age, the test was signi®cant only in females at stages II and III. The BMI values of subjects similar in age but at a different pubertal stage were analysed by the z-test for signi®cance of the trend. Signi®cant positive trends resulted in 12 ± 14 y old Figure 1 using box and whisker plots. The z-test for signi®cance of age trend was also computed for BMI values of subjects similar in pubertal stage. A signi®cant negative age trend emerged in females at stages I (P`0.01), II (P`0.01) and III (P`0.001), but not in males.
BMI subdivided according to age and menarcheal status BMI medians and interquartile ranges of pre-menarche and post-menarche subjects, subdivided according to age (1 y intervals), are reported in Table 2 . While signi®cant differences arose when comparing BMI values of subjects similar in age, no differences emerged at Kruskal ± Wallis test performed among subjects of different ages in either preand post-menarche girls. However, when a partial regression analysis was performed to evaluate the association between BMI and age, pubertal stage and menarcheal status (pre-and post-menarche), the correlation was stronger with pubertal stage (r 0.356, P`0.001), weaker with age (r 70.118, P`0.05) and not signi®cant with menarcheal status (r 70.039). For this analysis, a simple log-transformation of BMI was used. Even though such a procedure did not remove all the skewness, the residuals of the regression models for the log-BMI plotted against age, pubertal stage and menarcheal status supported the normal distribution hypothesis, enabling a parametric approach to assess the signi®cance of the estimated parameters. Figure 1 Box and whisker plots of BMI subdivided according to sex, age and pubertal stage. The middle box covers the middle 50% of data, between lower and upper quartile; the`whiskers' extend out to the 10th and 90th percentiles, while the central line is at median; 5th and 95th percentile points were also added. 
Short-term post-menarche BMI
The BMI values in subjects subdivided according to age (1 y intervals) at time of menarche are reported graphically in Figure 2 using box and whisker plots. Our results demonstrated an inverse association between menarcherelated BMI and age, with the highest values recorded in girls presenting menarche at age 11 y. The signi®cance of the trend was con®rmed at the z-test analysis.
Discussion
BMI is easy to record and reproducible, and it is the most commonly used measure of body fatness. Consequently, it is widely recommended for epidemiological and clinical evaluation of obesity in children and adolescents (RollandCachera et al, 1984; Dahlstro Èm et al, 1985; Revicki & Israel, 1986; Deurenberg et al, 1991; Himes & Dietz, 1994; Poskitt, 1995; Dietz & Robinson, 1998; Prentice, 1998) . Age-dependent reference data for BMI are necessary for children, as changes in body composition occur during growth. However, sexual maturation has also been reported as an important factor producing variations of BMI and leads to the opinion that caution is essential when using BMI in adolescence. Daniels et al (1997) observed that the percentage body fataBMI relationship was in¯uenced by stage of pubertal development to a greater extent that it was by age. Our data, obtained from a large population, con®rm and extend these observations and demonstrate that BMI values vary in relation to gender and level of sexual maturation. A positive signi®cant trend according to pubertal development emerged for BMI values of subjects similar in age in both sexes. Conversely, a negative age trend of BMI values in subjects differing in age but at the same pubertal stage was observed only in females.
In girls, menarcheal status furnishes reference data that are less detailed but easier to collect, in order to evaluate puberty-related BMI. O'Dea and Abraham (1995) reported signi®cant differences when comparing BMI of agematched pre-menarche vs post-menarche girls. Our research was performed in a larger number of subjects and provided evidence of signi®cant differences between pre-menarche and post-menarche girls of similar age, with BMI being higher in the latter. On the contrary, no difference emerged when BMI values were compared among subjects of various ages who were examined in each of the two groups separately. However, multivariate test demonstrated that menarcheal status did not in¯uence BMI when corrected by pubertal stage and age. In conclusion, our data demonstrated that degree of pubertal maturation has a greater in¯uence on BMI than age in both genders, and this is even more evident in girls. These results can be explained easily by the differences in the timing of weight and height growth in a child during sexual development. Variations in body composition take place during pubertal maturation; the changes show typical sexual dimorphism as fatness increases in females and tends to go down in males. When the values were detected within 6 months after menarche, BMI showed an inverse relation to age. These data are in agreement with the observations of more rapid growth and earlier pubertal development in obese subjects (Wolf, 1955; Garn & Haskell, 1959; Hammar et al, 1972; Garn & Clark, 1975; Forbes, 1977; Frisch, 1989; Falorni et al, 1997) and demonstrate that even in non-obese subjects, timing of menarche is related to BMI.
Indices that are weight-adjusted for height do not furnish precise information on body composition. However, BMI is widely considered as a valid and useful tool for large-scale clinical and epidemiological trials, even though its accuracy as a measure of fatness is limited. For this reason, the use of BMI standards is a sort of pragmatic procedure, and inaccuracies can be balanced by useful information. However, all of this cannot escape the fact that the appropriateness of using BMI should be taken into account when dealing with age-conditional standards in puberty-related situations. The effects of the degree of sexual maturation may be relevant in certain studies and the use of a pubertyconditional standard could be more appropriate in some circumstances.
The choice of a widely accepted standard on a reference population and the de®nition of cut-off values for the assessment of obesity in children and adolescents are two major problems in the use of BMI. A pragmatic system to identify BMI cut-off values for obesity in adults had been proposed according to the association between BMI and all-cause mortality (International Obesity Task Force, 1998) . No such data are available for children and adolescents and several questions arise about which criteria would best identify cut-offs for children and adolescents. A recent solution has been agreed upon by the International Obesity Task Force (IOTF) in co-operation with the European Childhood Obesity Group (ECOG) and it also proposes health-based criteria, with cut-offs represented by the percentiles corresponding to the BMI values of 25 and 30 in late adolescence (Dietz & Robinson, 1998) and then to consider these percentiles as valid in children as well. Regardless of the results that may derive from future studies on this topic, the predictive values for adult BMI are inevitably higher in adolescence than in childhood. In Figure 2 Box and whisker plots of BMI subdivided according to age at the time of menarche. The middle box covers the middle 50% of data, between lower and upper quartile; the`whiskers' extend out to the 10th and 90th percentiles, while the central line is at median; 5th and 95th percentile points were also added.
BMI and pubertal development V Bini et al other words, the relationships between BMI values in childhood and those in adulthood cannot be established properly without taking the BMI values during adolescence into consideration. Accordingly, it may be important to consider the in¯uence of maturation stage in the analysis of these associations.
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